Abstract. Randall-Sundrum (RS) model of warped extra-dimensions were originally proposed to explain the Planck-weak scale hierarchy. It was soon realised that modifications of the original setup, by introducing the fields in the bulk, has several interesting features. In particular it imbues a rich flavour structure to the fermionic sector thereby offering an understanding of the Yukawa hierarchy problem. This construction is also useful in explaining the recently observed deviations in the decay of the B mesons. We consider two scenarios to this effect : A) Right handed muon fields coupled more to NP that the corresponding muon doublets (unorthodox case). Non-universality exists in the right handed sector. B) Standard scenario with anomalies explained primarily by non-universal couplings to the lepton doublets. Further, we establish correlation with the parameter space consistent with the flavour anomalies in the neutral current sector and obtain predictions for rare K-decay which are likely to be another candle for NP with increased precision. The prediction for rare Kdecays are different according to the scenario, thereby serving as a useful discriminatory tool. We also discuss the large flavour violation in the lepton sector and present an example with the implementation of bulk leptonic MFV which is essential to realize the model with low KK scales. Further we consider a radical solution, called GUT RS models, where the RS geometry can work as theory of flavour in the absence of flavour symmetries. In this case the low energy brane corresponds to the GUT scale as a result of which RS is no longer solution to the gauge hierarchy problem. The Kaluza Klein (KK) modes in this setup are naturally heavy due to which the low energy constraints can be easily avoided. We use this framework to discuss the supersymmetric version of the RS model and provide means to test this scenario by considering rare lepton decays like τ → µγ.
Introduction
Flavour physics offers an indirect probe towards the possible existence of new physics (NP) effects which may be characterized by a flavour structure different from that of the SM. Process like µ → eγ, τ → µγ in leptonic sector and rare K decays in the hadronic sector are characterised by small contributions in the SM but relatively weaker experimental bounds. More recently, the anomalous decays of the B mesons has generated a lot of interest. Specifically the measurement of B(B + → K + µ + µ − ) and B(B + → K + e + e − ) was quoted in form of the following ratio [1] 
B(B + → K + e + e − ) q 2 =1−6 GeV 2 = 0.745
+0.090
−0.074 (stat) ± 0.036 (syst) (1) while the SM expectation is R S M K = 1.003 [2] . This implies a ∼ 2.6 σ deviation as a possible evidence of lepton nonuniversality. This observation was further validated by the * e-mail: iyera@na.infn.it K * = 1 elsewhere. This corresponds to a 2.4σ deviation for low q 2 and ∼ 2.5 σ for medium q 2 . The deviations from the SM values can parametrized by additional contributions to the Wilson coefficients C i of the following effective operators: [3] :
where
Here ∆C i determines the NP contributions to the Wilson coefficients and l denotes a lepton. In the following we will consider a scenario where NP effects exits in both the muon and the electron sector.
In this talk we discuss the explanation of these anomalies in a model with a single warped extra-dimension with the following line element [4] :
where A(y) = k|y|, k ∼
M Pl
4π and 0 ≤ y ≤ πR. The coordinates y = 0, πR correspond to the location of the (UV, IR) brane respectively. A generalization of this framework setup with a bulk custodial symmetry [5] in considered to evade constraints from Z → bb. In addition to the KK states of the SM W, Z, the model is characterized by additional 'custodial' heavy gauge bosons thereby leading to a distinct phenomenology, in the flavour sector in particular. A comprehensive analysis of different flavour transitions in this setup was considered in [6] [7] [8] [9] . We explore the parameter space admitted by the current anomalies and offer predictions for the K → πνν decays, in the s → d sector [10] . Fits with two scenarios are demonstrated: Scenario A. Right handed leptons are more composite (closer to the IR brane) than the left handed leptons. This is particularly true for the muon and tau. The left handed lepton couple universally to the NP. Non-universality in this case exists in the right-sector. , Scenario B. Left handed leptons are more composite than the right handed leptons. For Scenario A, the NP contribution to ∆C µ 9,10 is dominant with a smaller contribution to ∆C e 9,10 , thereby resulting a 4-D fit along the lines of [11] . The primed operators do not contribute as we assume universality in the bulk wavefunctions of the right handed quarks. Both these scenarios are characterized by different predictions for the the K decays thereby making it a useful discriminant.
The note is organized as follows: In Section 2 we compute the fits for the anomalies in b → sll processes for two different 1-D hypotheses. In Section 3 we consider the rare kaon decays and demonstrate how it can be utilised to possibly distinguish between the two scenarios used to fit the b → sll anomalies. In Section 4 we give an explicit example with MFV implemented in the lepton sector, in particular for the first scenario. in Section 5 we discuss a radical solution with the implementation of RS model at the GUT as a means to avoid the introduction of additional flavour symmetries and we finally conclude.
b → sll processes : B anomalies
In bulk custodial models in RS , neutral currents at tree level receive contribution from X ∈ Z S M,Z X ,Z H ,γ (1) . The expression for the coupling of the SM fermions to these NP states can be written as:
. α gives the coupling in the zero mode fermions to the gauge bosons in the mass basis of the latter. Using these expressions, the Wilson coefficients for each gauge field X are written as:
For the primed operators the expressions are similar with L ↔ R. In the above we assumed that the up-sector quark are in the mass-diagonal basis and down quark rotation matrices are D L,R ∼ V CKM . We now discuss the following two possibilities for the fits to the data:
This scenario is characterized by the relatively larger contribution of the lepton singlets to the NP than the doublets. The doublets are chosen to have to have universal bulk wavefunction with c > 0.5. This choice is particularly helpful in obtaining an anarchic neutrino mixing matrix which is roughly given as
The contributions to ∆C 9,10 are made consistent with zero by assuming that the right handed down quarks couple similarly to the NP. Numerically this implies c d R ,s R ,b R > 0.55. The ranges chosen for c parameter scan are chosen to be: 
The non-negligible values of the ∆C e is due to left doublets having c ∼ 0.5 thereby resulting in a mildly larger coupling to the NP states than would be expected of states having c ≥ 0.55. For these choices of c parameters corresponding to the values in Fig.1 , fitting the muon mass requires choosing the O(1) Yukawa ∼ 0.03. Though slightly fine tuned with regards to the fit to the muon mass, this scenario is more favorable with regards to an anarchic neutrino mixing matrix but also in suppressing FCNC in the lepton sector through the implementation of 5D MFV.
2) Scenario B: In this case the non-universality is now transferred to the lepton doublets while the singlets are closer to the UV brane and their coupling to the NP is universal. Further, without loss of generality we assume that the τ doublets are closer to the IR brane than the µ doublets (c τ L < c µ L ). All the lepton singlets and the electron doublet satisfy c > 0.55. This results in ∆C 
Kaon decays
In this section we use rare K decays to differentiate between the two scenarios considered earlier.
0 νν are likely to constitute the next probe towards the possible existence of NP. They correspond to s → dνν form of transitions and are likely to be correlated to b → sll transitions in most NP scenarios. The SM value for the [12, 13, 21] :
where the first error is due to the uncertainty in the parameters of V CKM mixing matrix and the second one is due to the remaining theoretical uncertainties. The current experimental bound is [22] B(
(90% C.L.) (11) These measurements are likely to be significantly improved in the future. The NA62 experiment at CERN [14, 15] is pursuing to reach a precision of 15% compared to the SM in 2018. while 5% accuracy will be achieved with more time. With regards to the K L → π 0 νν, the KOTO experiment at J-PARC aims at measuring B(K L → π 0 νν) around the SM sensitivity in the first instance [16, 17] . Moreover, the KOTO-step2 experiment will aim at 100 events for the SM branching ratio. This implies a precision of 10% of this measurement. These processes can be described by the following effective Lagrangian parameterizing for s → dνν transitions:
The Wilson co-efficient C ds,l in the SM is given as:
where X t and X l c are the loop functions for the top and charm contribution respectively and given as: X t = 1.481± 0.009 and + → π + νν is given as:
where κ L = 2.231 ± 0.013 × 10 −10 (λ/0.225), κ + = 5.173 ± 0.025 × 10 −11 (λ/0.225), ∆ em = −0.003 [23] and δP l c,u = 0.04±0.02 [24] . The individual values of X l were obtained from Table 1 of [25] : X e,µ = 11.18×10 −4 , X τ = 7.63×10 −4 .
We now consider the NP contributions to the process s → dll given in Eq. 12. In the bulk custodial model under consideration, the effective lagrangian for the process is given as
In general this includes both the left handed and the right handed current in the quark sector signaling a possible deviation from the (V − A)(V − A) structure given in Eq. 12. This aspect was explored in great detail in [7] . We discuss this process in the context of the two scenarios discussed in Section 2. It is worth stressing at this point that the s → dνν transitions only depend on the left handed c L parameters for the leptons, while both c Q 3 and c b R play a role. However, since we assumed only the third generation doublets to have c Q 3 < 0.5, there are no tree-level FCNC in the right handed sector. The contribution can be quantified by making the following change to the X t in Eq. 13:
where as earlier the contribution due to Z X is suppressed. The SM limit is computed in the limit M KK → ∞.
We consider the following ratio for both the decays
+ and evaluate it for the two scenarios discussed earlier: 1) Scenario A: This case is characterized by the universality in the left handed lepton sector. Since neutrinos in the final state are left handed, only c L (parameter for the lepton doublets) will play a role its computation. To stress the fact that B anomalies are explained purely due to non-universality in the right handed sector for leptons we choose : c µ R ∼ 0.48 for the muon singlet while c L ∼ 0.51 for all three generations. Fig. 3 gives plot of B i total /B i S M computed as a function of c Q 3 and evaluated for c L = 0.51. This corresponds to the parameter space of the hypothesis under consideration. It can be seen that for both the decays, the ratio is very close to the SM prediction thereby predicting no net enhancement. In principle one can choose to reduce c Q 3 lesser than 0 at the cost of increasing its compositeness and possible tension with Z → bb constraints.
2) Scenario B: This case is characterized by nonuniversality in the left handed lepton sector while the NP coupling to the right handed singlets are universal. 
Leptonic MFV
The localization of the fermions at different points in the bulk leads to their non-universal coupling to the gauge KK states, These typically give rise to additional contributions to different to FCNC processes at tree level. Thus this is an example of a scenario where lepton non-universality leads to flavour violation. In minimal setup and for KK scales within the reach of LHC, these contributions can be particularly large in the lepton sector. This is mainly due to the strong upper bounds on processes in the 1-2 sector µ → eγ, µ → eee, µ − e conversion [26] . The current experimental upper bounds on these processes are given in Table 1 . The large contributions can be attributed to the misalignment between the Yukawa coupling matrix and the bulk mass parameters which determine the nature of the fermionic profiles in the bulk. A complete model explaining anomalies in B sector with a relatively low NP scale must also satisfy constraints given in Table 1 . One possibility to alleviate these constraints is to consider the implementation of MFV in 5D [30] . The large contributions to FCNC are primarily due to the misalignment between the flavour violating combination YY † and the mass-squared matrix
)). Here F(c) is the diagonal matrix of bulk profiles given as F(c)
Since Y and F(c) do not commute in general, diagonalization of m 2 does not necessarily imply diagonalization of YY † . This misalignment can be reduced by making the specific choice where the 5D Yukawa parameters are written in terms of the bulk mass parameters as follows:
where a i , b i ∈ . We also assume the presence of a bulk flavour symmetry group in the leptonic sector as S U (3) 
which corresponds to an inverted hierarchy spectrum. Corresponding to these choices, the B(µ → eγ) is given as [31] :
3T eV M KK (19) where 
leading to B(µ → eγ) ∼ 2.5 × 10 −14 . Similarly the other 1 − 2 transitions are also within the experimental bounds quoted in Table 1 for M KK = 3 TeV. b) Scenario B: In the earlier case we saw that the universality of the lepton doublet parameters c L was essential to implement the MFV ansatz and obtain satisfactory fits to the neutrino mases. Universality ensures that the values of the rotation matrix
which roughly correspond to the elements of the PMNS rotation matrix. Since the c L is not universal in this scenario, fits to the neutrino data also require hierarchical choices in c N . This makes the implementation of c N proportional to Y † N Y N in 17 extremely challenging and difficult to achieve. This possibly requires a more complicated parameter scan and will not be discussed here.
Randall Sundrum model at the GUT scale
Given these strong constraints on the RS set up at the weak scale, one can ask the question whether RS is suitable to be a theory of flavour as well as a solution to the hierarchy problem simultaneously. It might be that RS as a theory of a flavour might be better suited at the GUT scale rather than at the weak scale. The Froggatt-Nielsen models are typically defined at scales closer to the Planck scale, so perhaps flavour physics might have its origins at the Planck scale. With this point of view, we will now consider RS to span between the Planck and the GUT scales. As a result the lowest lying KK scales are O(M GUT ) and are decoupled from the low energy theory. Introducing bulk supersymmetry serves as a solution to the hierarchy problem at the weak scale. The supersymmetric case has the added advantage that it could lead to observable signatures at the weak scale and will be the focus of attention in this section [35] . In addition to the matter fields, we consider the the case with bulk Higgs doublets (H u,d ) and a SUSY breaking spurion X. The Kähler terms, leading to non-negative contributions to the scalar masses are given as [32, 33] 
Replacing X ≡ F , leads to the non-tachyonic soft masses as
and where (23) and where the dimensionless parameter r is defined as r = k M 5 with M 5 being the fundamental 5D Planck scale. Typically r < 1 so that the assumption of a classical gravity is valid. The gravitino mass m 3/2 = F M 5 is the ratio of the vacuum expectation value of the F-term of the SUSY breaking field X to the Planck scale. In addition to this, the theory also leads to tachyonic masses at M GUT and are given as [34] 
where 1 + 2α ms =
Owing to the presence of these tachyonic terms, which are more prominent for the third generation quarks and less mildly for the thrid generation lepton, large values of M 3 are required so as to drive the masses to positive values by RGE effects. Further, owing to the tachynic masses ofτ, M 2 must be greater that M 2 to avoid the presence of tachyonic staus in the model. This can be seen from of flavour violating in the theory. Fig. 6 gives the running of δ in the leptonic setor. Though O(1) at the high scale, it runs down to acceptably small values leading to possible signatures of these scenarios through FCNC processes. For instance Fig. 7 gives the correlation between τ → µγ, µ → eγ and 
Conclusions
Custodial RS models offers an interesting perspective to explore the recently observed anomlies in the decays of the B mesons. We considered two scenarios which differ in the relative localization (compositeness) of the lepton doublets and singlets in the bulk. For Scenario A, characterized by universal lepton doublet wavefunction, the implementation of anarchic neutrino mixing and bulk leptonic MFV is simpler. Thereby the flavour violation in the lepton sector are under control thereby paving the way for a more complete setup. The rare K decays are however consistent with the SM expectation. Finally we discuss a scenario with GUT RS where the model serves a theory of flavour while the effective low energy theory is MSSM. This has interesting implications for flavour in the lepton sector.
